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(57) Abstract 

A cursor control device (20) suitable for use with a computer-controlled display (66) is disclosed. The cursor control device (20) 
includes a touch-pad controller (24) and interface electronics (22) that produce cursor control output signals (40) suitable for controlling 
the location of a cursor on the computer-controlled display (66). The touch-pad controller (24) includes a housing (28) having: (i) a base 
(39); (ii) a surface (41) that slopes upwardly from the base (39); and a pair of side walls (43) that extend from the base (39) to the sloped 
surface (41). The slope angle is greater than 10°, and preferably is greater than 20°. A touch sensitive pad (26) mounted in the sloped 
surface (41) senses the location of an object, such as a finger pressing against the touch sensitive pad (26). Further, a thumb switch (30) 
is mounted in one side wall (43) of the housing (28). The interface electronics (28) are coupled to the touch sensitive pad (26) and to the 
thumb switch (30) and determine the location and movement (distance and direction) of an object pressing against the touch sensitive pad 
(26) and the status of the thumb switch (30). The previously mentioned cursor control output signals (40) are produced by the interface 
electronics (22) based on the object location and movement ^terminations. 
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TOUCH-PAD CURSOR CONTROL DEVICE 

Field of the Invention 

The present invention relates to cursor control devices for computer- 
controlled display systems and, more particularly, to cursor control devices 
incorporating a touch sensitive pad. 

Background of the Invention 

Software systems employing graphical user interfaces are virtually standard in 
modern computer operating systems. Key to the acceptance of a graphical user 
interface in new environments, such as on the flight deck of an airplane, are devices 
that allow a user to control the position of a cursor on the computer system display. 

For some time, the cursor control device of choice for use with a graphical 
user interface has been the "mouse." In the most common mouse cursor control 
device, a ball is mounted in a housing so that part of the ball projects from the housing 
when the mouse is in its normal position of use. A user causes the ball to rotate 
relative to the housing by placing the projecting part of the ball against a surface, and 
dragging the device across the surface, so that the ball rotates due to the friction of 
the ball against the surface. The rotation of the ball controls an electrical signal that in 
turn controls the location of a cursor on a computer-controlled display. 

The second most preferred type of cursor control device for use with a 
graphical user interface is probably the trackball. A trackball cursor control device 
corresponds to a mouse rotated vertically 180 degrees, or turned over, so that the 
user acts directly upon the ball to cause its rotation, rather than dragging the device 
across a surface. As there is no need to drag the trackball across a surface, typically 
the position of the housing for the trackball is fixed relative to the user. 
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While the foregoing cursor control devices are the preferred types, these 
devices have disadvantages when used on moving vehicles, such as aircraft. The 
principal problem is that loose components, such as a mouse, are undesirable on 
moving vehicles, because the components may move relative to the interior of the 
vehicle during accelerations of the vehicle, creating a hazard, and resulting in 
undesired cursor movement. This problem also arises with trackball cursor control 
devices, since acceleration of the vehicle can cause the trackball to rotate, particularly 
if a user's hand idly rests on the ball during changes in the speed or direction of the 
vehicle. 

One proposed solution to the foregoing problem is to provide a touch 
sensitive display in moving vehicles. Cursor control is provided by the user touching 
the screen of the display with a finger. Touch-controlled displays (or overlays that 
provide the same function) have the advantage that there are no parts that can move 
independent of the user and cause undesired cursor movement. 

Unfortunately, touch sensitive displays have four principal disadvantages. 
First, the touch sensitive screen or overlay rapidly becomes obscured by fingerprints, 
and thus, so does the underlying display. Second, touch sensitive overlays are 
dedicated to one display. It is not possible to use a single touch sensitive overlay to 
control multiple displays. Third, touch sensitive displays or overlays operate in an 
"absolute" mode. Finger pressure on a touch sensitive screen causes the cursor to be 
moved to the display position lying beneath the location of the finger. In contrast 
mouse and trackball cursor control devices operate in relative mode. The distance 
and direction a trackball rotates relative to a previous position is used to control the 
location of the cursor. While touch sensitive screens allow a cursor to be rapidly 
moved to a desired location, they are relatively imprecise due to the size of a user's 
finger. In contrast, a mouse or trackball is relatively precise because much smaller 
cursor movements can be accommodated. Fourth, vehicle acceleration can cause a 
user's fingers to move inadvertently when using a touch sensitive screen resulting in 
the cursor being moved to an undesired location. 

The present invention provides a touch-pad cursor control device that 
provides a solution to the problems with prior art cursor control devices of the type 
described above. 

Summary nf the Invention 
In accordance with the present invention, a cursor control device suitable for 
use with a computer-controlled display is provided. The cursor control device 
includes a touch-pad controller and interface electronics that produce cursor control 
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output signals suitable for controlling the location of a cursor on the computer- 
controlled display. The touch-pad controller includes a housing having: (i) a base- 
(u) a surface that slopes upwardly from the base; and (iii) a pair of side walls thai 
extend from the base to the sloped surface. The slope angle is greater than 10° and 
preferably is greater than 20°. A touch sensitive pad mounted in the sloped surface 
senses the location of an object, such as a finger pressing against the pad. Further, a 
thumb switch is mounted in one side wall of the housing. 

The interface electronics are coupled to the touch sensitive pad and to the 
thumb switch and determine the location and movement (distance and direction) of an 
object pressing against the touch sensitive pad, and the status of the thumb switch 
The cursor control output signals are produced by the interface electronics based on 
the object location and movement. 

In accordance with other aspects of this invention, the rate of movement of an 
object, such as a finger, across the touch sensitive pad is used to control the rate of 
movement of the cursor on the display. The interface electronics scan the touch 
sens,t.ve pad to determine the location of the object at a first time and at a second 
time. The object movement distance is then determined by comparing the object 
location at the first time with the object location at the second time. Thereafter an 
approximate rate of change in the location of the object is determined by dividing the 
absolute value of the movement distance by a delta time, determined by subtracting 
the first tnne from the second time. Subsequently a gain is determined from a 
function that is dependent upon the approximate rate of change of the location of the 
object. Finally, object movement distance is multiplied by the gain to produce the 
cursor control output signals. 

In accordance with further aspects of this invention, the cursor control device 
can also be used to reposition a cursor in a computer-controlled display in response to 
pressing the thumb switch. First, the interface electronics scans the touch-pad 
controller to determine if the thumb switch has been pressed. If the thumb switch has 
been pressed, the interface electronics determines whether the cursor is currently 
displayed within a first predefined area. Next, the interface electronics determines 
whether a second predefined area is associated with the first predefined area. If so 
the interface electronics causes cursor control signals to display the cursor within the 
second predefined area. 

In accordance with still other aspects of this invention, the cursor control 
dev,ce controls the location of the cursor on the computer-controlled display in an 
absolute mode, as well as in a relative mode. In the relative mode, as described 
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above, the interface electronics determine the rate, distance, and direction of 
movement of an object, such as a finger, across the touch sensitive pad, and uses the 
rate, distance, and direction information to control the movement of the cursor on a 
computer-controlled display. In the absolute mode, the interface electronics 
determine if an object presses against one or more specific locations the first time 
object pressure is detected. If object pressure at the specific location occurs the first 
time object pressure is detected, the interface electronics moves the cursor to a 
corresponding location on the computer-controlled display. 

In accordance with yet still other aspects of this invention, two cursor control 
devices formed in accordance with this invention can be selectively coupled to a 
common computer-controlled display. The cursor control device that controls the 
position of the cursor of the common display is determined by the interface electronics 
and the status of display select switches. 

In accordance with yet further aspects of this invention, the touch-pad 
controller includes a plurality of display select switches, and the interface electronics 
are adapted to couple the touch pad controller to a selected one of a plurality of 
related computer-controlled displays determined by the status of the display select 
switches. Some of the computer-controlled displays may be common to another 
touch-pad controller. In this instance, when the display select switch on one of the 
touch-pad controllers associated with a common computer-controlled display is 
actuated, the interface electronics related thereto produce the signals that control the 
location of that cursor on the common computer-controlled display. If the display 
select switch of the other touch-pad controller is thereafter actuated, the interface 
electronics associated with that touch-pad controller produce the cursor control 
25 signals. 

Brief Descript ion of the Drawing 
The foregoing aspects and many of the attendant advantages of this invention 
will become more readily appreciated as the same becomes better understood by 
reference to the following detailed description, when taken in conjunction with the 
accompanying drawings, wherein: 

FIGURE 1 is a block diagram of a cursor control device formed in accordance 
with the present invention; 

FIGURE 2 is an isometric view of a touch-pad controller formed in 
accordance with the present invention, suitable for use in the cursor control device 
shown in FIGURE 1; 

FIGURE 3 is a top plan view of the touch-pad controller shown in FIGURE 2; 
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FIGURE 4 is a side elevational view of the touch-pad controller shown in 
FIGURE 2; 

FIGURE 5 is a side elevn aonal view of an alternative embodiment of a touch- 
pad controller formed in accordance with the present invention; 
5 as FIGURE 6 is a flow chart of an interface program associated with the present 
invention, used for interfacing a touch-pad controller of the type shown in 
FIGURES 2-5 with one or more computer-controlled displays; 

FIGURE 7 is a schematic diagram illustrating the use of a cursor control 
device formed in accordance with the present invention, in "relative" and "absolute" 
10 cursor control modes; 

FIGURE 8 is a flow chart showing positioning and moving logic suitable for 
use in the interface program of FIGURE 6; 

FIGURE 9 is a flow chart showing automatic cursor positioning logic suitable 
for use in the interface program of FIGURE 6; 

FIGURE 10 is a schematic diagram of a pair of cursor control devices that 
include touch-pad controllers of the types shown in FIGURES 2-5, used to control 
the cursors of multiple displays; 

FIGURE 11 is a flow chart showing display selection logic suitable for use in 
the interface program of FIGURE 6; and 

FIGURE 12 is a flow chart showing third device monitoring logic suitable for 
use in the interface program of FIGURE 6. 

Detailed Description of thft Pr eferred RmhnHim^t 
FIGURE 1 is a block diagram of a cursor control device 20 formed in 
accordance with the present invention. For ease of illustration and understanding, the 
cursor control device 20 has been functionally divided into two subsections: interface 
electronics 22 and a touch-pad controller 24. 

An isometric view of a touch-pad controller 24 suitable for use in the cursor 
control device shown in FIGURE 1, is illustrated in FIGURE 2. The touch-pad 
controller 24 includes: a touch sensitive pad 26; a thumb switch 30; three display 
select switches 32, 34, and 36; and three annunciators 33, 35, and 37, all mounted in a 
housing 28. 

As illustrated in FIGURES 2-4, the housing 28 includes a right rectangular 
parallelepiped base 39. The housing also includes a planar, inclined trapezoidal 
surface 41 that slopes upwardly at an acute angle from the rectangular base 39. The 
parallel edges 41a and 41b of the inclined trapezoidal surface 41 lie generally parallel 
to the shorter edges of the rectangular base 39. The longer parallel edge 41a of the 
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inclined trapezoidal surface 41 intersects the top surface of the rectangular base 39, 
and the shorter parallel edge 41b of the inclined trapezoidal surface 41 is disposed at 
the upper end of the inclined surface. The non-parallel edges 41c and 41d of the 
inclined trapezoidal surface 41 are of substantially equal length and are longer than the 
parallel edges 41a and 41b. 

The side walls 43 of the housing 28, as best shown in FIGURES 2 and 3, are 
concavely contoured, sweep up from the longer edges of the rectangular base 39 and 
join the non-parallel edges 41c and 41d of the inclined trapezoidal surface 41. A palm 
support 48 slopes upwardly from the upper, shorter parallel edge of the inclined 
trapezoidal surface 41 of the housing 28, convexly curves through an arc of 
about 180°, and then concavely curves downwardly to form the rear of the 
housing 28. See FIGURE 4 for a side elevational view of the palm support. 

As seen in FIGURES 2 and 3, the touch sensitive pad 26 is substantially planar 
and approximately square in shape, with rounded corners, having sides that are 
preferably approximately 2.5 inches in length. The touch sensitive pad 26 is 
positioned in the housing 28 so that the plane of the touch sensitive surface of the 
touch sensitive pad 26 is generally parallel to the plane of the inclined trapezoidal 
surface 41. The touch sensitive pad 26 is oriented such that two of its edges are 
substantially parallel to the two parallel edges of the inclined trapezoidal surface 41 of 
the housing 28, and such that the touch sensitive pad is centrally located between the 
two non-parallel edges of the inclined trapezoidal surface 41. Finally, the edges of the 
touch-pad 26 are sealed to resist environmental damage, such as might result from 
coffee spills. 

The display select switches 32, 34, and 36 are positioned on the upper surface 
of the rectangular base 39, between a shorter edge of the rectangular base 39, and the 
longer parallel edge 41a of the inclined trapezoidal surface 41 that intersects the upper 
surface of the rectangular base 39. The display select switches 32, 34, and 36 are 
aligned along a line that lies parallel to the shorter edges of the rectangular base 39. 
As the touch-pad 26 is viewed from behind the palm support 48, looking down the 
inclined trapezoidal surface 41 (which direction is defined as forward), the outer 
edges of two of the display select switches 32 and 36 are, respectively, approximately 
aligned with the right and left edges of the touch sensitive pad 26. The other display 
select switch 34 is mounted centrally between the two display select switches 32 
and 36. 

The three annunciators 33, 35, and 37 are positioned centrally forward and 
adjacent to the display select switches 32, 34, and 37 upon the upper surface of the 
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rectangular base 39, such that one annunciator is aligned with each switch. The 
interface electronics 22 controls the annunciators 33, 35, and 37 to indicate the status 
of the display switches 32, 34, and 36, respectively. While the annunciators could 
take the form of incandescent light bulbs, preferably, the annunciators 33, 35, and 37 
are light-emitting diodes that are lit by the interface electronics 22 when there is a 
cursor function on an associated computer display. Alternatively, the 
annunciators 33, 35, and 37 could be incorporated into their related select 
switch 32, 34, and 36, rather than being positioned adjacent their related switch. Still 
further, the annunciators 33, 35, and 37 could emit a different visible color to indicate 
the on/off status of their related select switch 32, 34, or 36. 

The thumb switch 30, which is rectangular in shape, may be disposed in either 
of the two contoured side walls 43, depending upon whether the touch-pad 
controller 24 is intended for use by the left hand or the right hand of a user. If the 
touch-pad controller 24 is for use by the right hand of a user, the thumb switch 30 is 
positioned on the left contoured side wall 43 of the touch-pad controller 24, looking 
forward from the palm support 48. Thus, the touch-pad controlled shown in 
FIGURES 2 and 3 is for use by the right hand of a user. If the touch-pad 
controller 24 is for use by the left hand of a user, then thumb switch 30 is positioned 
on the right contoured side wall 43. In an alternate embodiment, the touch-pad 
controller 24 could have a thumb switch 30 on both the right and left side walls 43. 
Thus, in an alternate embodiment, the touch-pad controller 24 could be used with 
either the right or left hand of a user. As shown in FIGURES 2 through 5, the thumb 
switch is oriented in the contoured side wall 43 such that its longer sides lie 
substantially parallel to the plane of the inclined trapezoidal surface 41. 

While the touch-pad controller 24 shown in FIGURES 2-4 was designed for 
use in the cockpit of an aircraft, it is to be understood that the touch-pad controller 24 
can be used in other types of vehicles, and in applications not involving a vehicle. 
When used in a vehicle, the touch-pad controller 24 is preferably positioned such that 
the longitudinal axis of the rectangular base 39 lies generally parallel to the 
longitudinal axis of the vehicle, the touch-pad controller 24 being positioned slightly 
in front of a sitting user, at an elevation above the height of the user's legs in the 
sitting position, but below the user's elbow height. The rear of the palm support 48 is 
nearest the user, with the inclined trapezoidal surface 41 of the housing sloping 
downwardly away from the user, so that the forward portion of the touch-pad 
controller 24 is nearest the forward portion of the vehicle. A suitable location 
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meeting these criteria would be on the console between the pUot and co-pilot of an 
aircraft or other vehicle. 

A user rests his or her palm upon the palm support 48, with at least one finger 
(preferab^ the index or middle finger) of that hand resting upon the touch sensitive 
pad 26. The thumb of the hand rests upon the thumb switch 30. As noted above the 
touch-pad controller 24 shown in FIGURES 2 and 3 is designed for use by the right 
hand of a user since the thumb switch is on the "thumb" side of a user whose right 
hand is positioned in the manner just described. 

As shown in FIGURE 4 the trapezoidal surface 41 of the housing forms an 
angle a with respect to the plane of the top of the base 39, represented by line 46 
Preferably a has a nominal value of 25 degrees. The 25-degree value was determined 
by user evaluations as being the most comfortable for use when the touch-pad 
controller 24 is mounted in the position previously described. Since the touch-pad 
controller 24 is preferably positioned in a vehicle so that the longitudinal axis of the 
rectangular base 39 lies generally parallel to the longitudinal axis of the vehicle the 
Plane of the inclined trapezoidal surface41 and, thus, the plane of the touch sensitive 
surface hes at an angle of approximately 25 degrees with respect to the longitudinal 
axis of the vehicle. 

FIGURE 4 also illustrates that the central axis of the palm support 48 
represented by line 50, forms an angle 0 with respect to the plane of the inclined' 
trapezoidal surface 41 and, thus, the plane of the touch sensitive surface. Preferably 
B has a nominal value of 22.5 degrees. The 22.5-degree value was also determined by* 
user evaluations as being the most comfortable for the palm support 48 

nnmTT 'I raWy ' ^ ^ SUPP ° rt48 is m P° sition > ^ ^own in 
FIGURE 5, the palm support could be hingedly attached to the touch-pad controller 
dlowmg p to be adjusted to the angle preferred by a user. In the embodiment shown" 
m FIGURE 5, the palm support 48 is a separate component mounted to the housing 
with a pm 49. The pin 49 passes through the side wall 43 of the housing 28, in which 
the thumb switch 30 is mounted, through the palm support 48, and then through the 
opposite side wall 43 of the housing 28. As will be readily appreciated by those 
skilled m the art, the friction of this mounting must be sufficient to allow a user to 
rotate the palm support 48 about the central axis of the pin 49 until the f3 angle chosen 
by the user is achieved and then hold the palm support at the chosen angle 

User evaluations generally determined the size, shape, and location of most of 
the components of the housing 28, and of the housing 28 itself. The determinations 
were made by using an iterative process of refining physical models and evaluation of 
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the models by users with a wide range of hand sizes, to produce a design shown in 
FIGURES 2-4. The base 39 has a preferred nominal width of 3.6 inches and a 
preferred nominal length of 5.75 inches. The maximum height of the touch-pad 
controller, measured perpendicularly from the bottom of the base 39 to the top of the 
palm support 48, is a preferred nominal dimension of 3.15 inches. The overall length 
of the touch-pad controller 24, measured along a line parallel to the longitudinal axis 
of the base 39, extending from a tangent line to the palm support 48 that is 
perpendicular to the upper surface of the base, to the forward part of the base is a 
preferred nominal dimension of 6.56 inches. When used in an airplane, the dimensions 
of the touch-pad controlled and the contoured design provide for steady finger 
positioning during turbulence and easy hand positioning and relocation. 

Based on anthropometric hand data of 5% female to 95% male pilots, the 
preferred nominal dimensions of the thumb switch 30 are 2.0 inches by 0 75 inches 
As will be readily apparent to those skilled in the art, from these dimensions the thumb 
switch 30 is of a sufficiently large size relative to the touch-pad controlled such 
that when a user positions his or her right hand upon the touch-pad controller 24 he 
or she will easily contact the thumb switch 30 with the thumb of that hand without 
being required to adjust their hand position on the touch-pad controller 24 The same 
is also true for the left hand of a user, when using a touch-pad controlled 
configured with the thumb switch 30 on the opposite contoured side wall 43 As 
shown in FIGURES 2-5, preferably, the thumb switch 30 has a textured surface that 
provides tactile feedback that enhances this result, i.e., easy and reliable thumb 
contact. In a preferred embodiment the thumb switch 30 is textured with a plurality 
of dimples having a diameter of about 0.17 inches, and a maximum depth of about 
25 0.04 inches. 

In operation, when suitably energized, the touch sensitive pad 26 senses finger 
contact (or contact with another object) and controls the nature of the electrical 
signals 42 (FIGURE 1) that are indicative of the location of the finger contact The 
thumb switch 30 and the display select switches 32, 34, and 36 control the nature of 

30 the electrical signals that indicate the status of these switches. Since various ways of 
producing touch sensitive pads are well known in the art, no specific description of 
this technology is herein set forth. While the touch sensitive pad 26 incorporated in 
an actual embodiment of the invention produces electrical current variations in 
response to finger contact on the touch sensitive pad 26, it is to be understood that 

55 touch sensitive pads incorporating resistive, surface acoustic wave or other 
technologies can also be used. 
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Returning to FIGURE 1, as will be readily appreciated by those skilled in the 
art, the interface electronics 22 include circuitry that produces signals 38 that scan the 
touch sensitive pad 26, the thumb switch 30 and the display select switches 32, 34, 
and 36 at regular intervals to determine if the status of these devices has changed! 
More specifically, the scanning determines if finger pressure has been applied to the 
touch sensitive pad and, if so, the location of the finger pressure; if the thumb 
switch 30 has been actuated; and if any of the select switches 32, 34, or 36 have been 
actuated. The signals 38 further control the state of the annunciators 33, 35 and 37. 
Return signals 42 from the touch-pad controller 24 contain information about finger 
pressure on the touch sensitive pad 26 and the state of the thumb switch 30 and the 
display select switches 32, 34, and 36. The interface electronics 22 analyze the return 
signals and produce cursor control output signals 40. Preferably, the interface 
electronics 22 include microcircuitry designed to carry' out the foregoing functions 
under the control of a suitable program of the type shown in FIGURE 6 and described 
15 next. 

FIGURE 6 is a program formed in accordance with the present invention 
suitable for controlling the interface electronics 22 that interface the touch-pad 
controller 24 with computer-controlled displays. The logic for carrying out each of 
the subroutines shown in FIGURE 6 are illustrated and described in more detail 
below. Depending upon the actual use of the invention, some of the illustrated 
subroutines can be eliminated. The first step 51 of the FIGURE 6 program is to 
execute cursor positioning and moving logic. This subroutine determines the position 
of a finger on the touch sensitive pad 26 and moves the cursor of an associated 
computer-controlled display in response to both finger contact and movement in both 
absolute and relative modes of operation as shown pictoriaUy in FIGURE 7 and 
described below. Suitable cursor positioning and moving logic is illustrated in detail 
in FIGURE 8. 

The second step 52 is to execute logic that allows a cursor control device 20 
to automatically reposition a cursor on a computer display. For example, this 
subroutine may allow the cursor control device to be used to check off items' on a 
checklist in a rapid and easy manner. Suitable automatic cursor positioning logic is 
shown in FIGURE 9 and described below. 

Next, the FIGURE 6 program proceeds to display selection logic 53. This 
subroutine permits the cursor control device 20 to select which display, from multiple 
displays, whose cursor position is to be controlled by the cursor control device. 
Suitable display selection logic is shown in FIGURE 1 1 and described below. 
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Finally, the FIGURE 6 interface electronics program proceeds to third device 
monitoring logic 54. This subroutine permits a third device to select which display 
the cursor control device is to interact with. Suitable third device monitoring logic is 
shown in FIGURE 12 and described below. " 

Thereafter the first subroutine is repeated. The program remains in this loop 
until power shutdown or some idle command that does not form part of this invention 
occurs. 

Before proceeding to a detailed description of each of the four subroutines 
depicted in FIGURE 6, a description of how a cursor control device 20 formed in 
accordance with this invention is used in both relative and absolute modes is 
described. As noted above, most cursor control devices, such as a mouse or trackball 
operate in a relative mode. The cursor is repositioned relative to its previous location 
on the display by an amount proportioned to the relative movement of the position of 
the mouse or trackball. In contrast, in an absolute mode the location of the cursor is a 
definite location on the computer-controlled display, not a location that is relative to a 
previous position. A touch screen is an example of a cursor control device that 
operates in an absolute mode. 

FIGURE 7 illustrates a cursor control device formed in accordance with this 
mvention controlling the location of a cursor on a computer-controlled display 66 in 
both relative and absolute modes. For ease of understanding, the touch-pad 
controller 24 is shown as having a P in each corner of its touch sensitive pad 26 
Likewise, for ease of understanding, the computer-controlled display 66 is shown as 
having aP at each corner. In the case of the computer-controlled display 66, the Ps 
represent absolute mode cursor locations. Also, for ease of illustration, neither the 
interface electronics associated with the touch-pad controller 24 or the details of the 
electronics associated with the computer-controlled display 66 are shown. 

When a user first places his or her finger in the upper right corner of touch 
sensitive pad 26 at location P identified by reference numeral 64a, the positioning and 
moving logic (block 51) of FIGURE 6 places the cursor of display 66 in the upper 
right corner at location P identified by reference numeral 64b. Similarly, if the user 
first places his or her finger in the lower left corner of touch sensitive pad 26 at 
location P identified by reference numeral 68a, the positioning and moving logic of 
FIGURE 6 places the cursor in the lower left corner of display 66 at location P 
identified as reference numeral 68b. The same relative result occurs when the user 
places his or her finger in the other two corners of the touch sensitive pad 26 Other 
positions on the touch sensitive pad 26 do not create the same result, only the comer 



WO 95/09402 



PCT/US94/10875 



-12- 



10 



25 



30 



35 



positions. Thus, users can quickly position a cursor in a far corner of a computer- 
controlled display without being required to drag a finger across the touch sensitive 
pad 26. As a matter of fact, dragging a finger to a corner does not activate the just- 
described absolute mode of operation. This mode of operation is activated only if the 
user first places his or her finger in one of the corner locations. 

The foregoing cursor movement mode is absolute because a specific location 
on the touch sensitive pad 26, namely the corners, corresponds to a specific location 
on the computer-controlled display 66. The foregoing assumes, however, that a user 
first places his or her finger at the P location 64a or 68a, and does not drag his or her 
finger to those locations across the touch sensitive pad 26. When a user drags his or 
her finger to any location from a previous location, including a P location, the 
positioning and moving logic of FIGURE 6 moves the cursor in relative mode. That 
is, the positioning and moving logic determines the location to display the cursor, 
relative to the cursor's previous location, based on the present finger location of the 
15 user's finger, relative to its previous location. 

FIGURE 8 is a flow chart showing positioning and moving logic formed in 
accordance with the present invention suitable for use in the interface electronics 
program shown in FIGURE 6. Part of the logic shown in FIGURE 8 is directed to 
minimizing erroneous cursor control commands generated by the inadvertent finger 
movement resulting from acceleration forces created by aircraft movement due to 
turbulence. The same FIGURE 8 logic also minimizes erroneous cursor control 
commands due to nervousness, other causes of unintended contact, or repositioning 
of a user's fingers upon the touch sensitive pad 26. Another part of the FIGURE 8 
logic is directed to allowing the touch-pad controlled to be used in both relative 
and absolute modes, in the manner previously described in connection with 
FIGURE 7. 

The advantageous feature of minimizing erroneous cursor control commands 
is accomplished by incorporating a variable gain law in the interface logic. In 
accordance with the variable gain control law, which is described in detail below 
when a user moves his or her finger (or some other pointed object, such as a stylus) 
within a small area on the touch sensitive pad, a low constant gain is applied to the 
resulting touch-pad output signal. A variable gain is applied when a user moves his or 
her finger across a relatively large area on the touch sensitive pad 26. High gain 
occurs when finger movement over the relatively large area is fast. High gain 
increases the likelihood that the cursor can be commanded to reach any part of a 
display without a user having to lift and reposition his or her hand from the touch 



20 



WO 95/09402 



PCT/US94/10875 



-13- 



25 



30 



35 



r;:: r u ;: desired — * - — - - -. * 

objec.) on the touch sensmve pad to HO* coordta.es. See block 56 Of no 

^TT 1, At decision block 58 atest 

« nude to detenmne if the user* finger was present during the tost iteration. u Z 

detemune f the finger ,s located to a corner of the touch sensitive pad 26 If so the 
corsor ts p.aced in the comer of the display associate, win, that comer of the Touch 
' senstnve pad 26, as described above to connection wW, FIGURE 7. See Mock 62^ 

correspondmg to the position of the ftoger are no, fflustrateti.) rlreafteTX 

program exits the FIGURE 8 logic. merearter, the 

If the finger was jus, pu , oown 0 „ the touch 

comer pos„,on so flu. the inquby a, decision b.ock60 is negative the Z£r deha 

r™!™ 10 ? (d rr- - - ,o ^ --a : 

r,s extsting poamon (block 70), and the progtam exits the FIGURE 8 logic Thus 
madver£„ g o[m , ouch ^ pad ^ ^ ^ ^ ^ J^. 

If the hnger was present during the last iteration (block 58) dt dx. and dv 

d ^ vaiues ™. de,em,i " ed ta MMk ?2 - * u *• - >~: d ,: 

M. and the otrret,, tune, dx tutd dy are the difference becween the laa, position 
of ,he finger and .he current poairion of ,he finger in X and Y directions, 

pad JTZ '° ? GURE 3 ' M ™ ,WS """W^ "* X dire *" of » "ui 

which th" I " 1 ^ »— "> «■" «o« along 

wtoch the select swttches 32, 34 and 36 Be. The Y direction is the direcZ 

ts the uford, or hor.on.al direction and .he Y dbection is the vertical direction 

follows ^7* '° nGU ? 8 ' M MOCk73 ^ Md 4y « - - 

Mows. FW, a summation for dx is made over a predefined .tote interval, At WhUe 

vartous values can be used, prefembly, At is 0.6 seconds and the logic of HGURESi 

0.025 seconds. Smce the dx summation b for a time 0.6 seconds (A,) before Z 
presen, ttme, the number of dx values summed is 24 (0.6 ♦ 0.025 - 24 . V£L 3 

toTdZTa ^ " PreSW i,m,b "' — ~ » 
time dunng a prevous .teration, such .ha, ^ subtiacted from ^ is equal to At, i.e., , m 



WO 95/09402 



PCT/US94/10875 



-14- 



10 



15 



20 



25 



30 



precedes t n by 0.6 seconds. After the summation for Ax has been made, the same 
summation is made for Ay. 

Then, a test is made at block 74 to determine if the absolute value of Ax is 
greater then a predefined threshold value, such as 0.25 inches, for example. If Ax is 
not greater than the predefined threshold value, dx (not Ax) is multiplied by a low 
constant gain factor (A*,) to obtain the X direction movement value to be applied to 
the display cursor ((Ixc^r). See block 76. While the value of A„ can vary, in 
one actual embodiment of the invention, it was set at 1.10. Thus, dx^^ is equal 
to the dx movement of the finger multiplied by a constant gain value (A„). 

After dxcuRSOR is determined for the situation where the absolute value of Ax 
is not greater than the threshold value, a test is made to determine if the absolute 
value of Ay is greater than a predefined threshold value. See block 78. Preferably 
the predefined threshold value is again 0.25 inches. If the absolute value of Ay is not 
greater than the predefined threshold value, dy (not Ay) is multiplied by the low 
constant gain factor (A^) to obtain dy CURS0 R- See block 79. While A^ could be 
different than Axr , preferably A^ and A^ are the same - 1.10, for example. Thus, 
^CURSOR is equal to the dy movement of the finger multiplied by a constant gain 
value (A^). 

While the presently preferred predefined threshold values for the absolute 
values of dx and dy are both 0.25, and for A„ and A^ are both 1. 10, as noted above 
other values, including unequal values, can be chosen, if desired. 

Returning to FIGURE 8, if the absolute value of Ax is greater than the 
predefined threshold value, an x^ value based on the rate of finger movement in 
the X direction is determined. See block 80. Specifically, the rate of finger 
movement in the X direction is approximated by dividing the absolute value of dx, i.e., 
|dx|,bydt. The value ofxQA^ is then determined from the equation: 



X GAIN = A X + B > 



N 

dt 



(1) 



where A, is equal to 1.80, and B x is equal to 0.16. Next, dx is multiplied by x^ to 
obtain dxcuRSQR (block 82). Thus, dx CTJRS0R is the finger movement distance along 
the X axis (dx) multiplied by the X-axis rate-dependent gain factor (x GAIN ). 

Following block 82 the logic reaches decision block 78. As previously 
described, a test is made at decision block 78 that determines if the absolute value of 
Ax is greater than a predefined threshold value. If the answer to the test is negative 
the steps set forth in block 79 are executed in the manner previously described. 
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If the absolute value of Ay is greater than the predefined threshold value, a 
YGAIN value based upon rate of finger movement in the Y direction is determined. 
See block 84. The value of y GAIN is determined in accordance with the equation: 



where Ay is equal to 1.80, and B y is equal to 0.23. Next (block 86) dy is multiplied 
by YGAIN to obtain d ycuRS0R . Thus, dya^R is equal to the finger movement 
distance along the Y axis (dy) multiplied by the Y axis rate-dependent gain factor 
(yGAIN). 

Next, the logic executes block 88, which is the generation of a command to 
move the cursor on the computer screen by dx CURS0R and dy CURS0R relative to the 
last position of the cursor on the display screen. Block 88 is also executed following 
block 79. Thus, the cursor can be repositioned along the X and Y axes of the display 
in a rate-dependent or constant manner. That is, movement along both axes can be 
constant or rate-dependent, or movement along one axis can be rate-dependent and 
15 the other constant. Following block 88, the program exits the logic shown in 
FIGURE 8. 

The purpose of applying a low constant gain to obtain dxc^^ and 
^CURSOR, if the absolute value of the finger along the X and Y axes of the touch-pad 
controller 24 is not greater than a predefined threshold value over a certain period, is 
based on the assumption that the user does not wish to substantially reposition the 
cursor in such a situation. Alternatively stated, if the finger has only been 
repositioned within a small distance of its former position, it is likely the user only 
wishes to reposition the cursor a relatively small distance. Because low gain is used, 
greater finger movement is necessary to create a fixed amount of cursor movement 
25 than would be the case if a higher gain value were used. This results in more precise 
control over cursor location. Moreover, very small inadvertent finger movement 
upon the touch sensitive pad 26, such as might be created by the effect of air 
turbulence on an aircraft pilot, is essentially ignored because the location of the cursor 
on the display will only be changed by a relatively small amount. 

In contrast, if the minimum threshold value is exceeded, a higher, rate- 
dependent gain is applied, based on the assumption that the user wishes to 
substantially reposition the cursor on the screen, preferably without encountering a 
boundary of the touch sensitive pad 26 of the touch-pad 24. To elaborate, as with 
constant low gain, a rate-dependent gain is applied only when the touch-pad 
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controller 24 is in a relative mode of operation. In the relative mode, the cursor on 
the screen is to be repositioned proportionally to the distance that the user moves his 
or her finger across the touch sensitive pad 26. 

Depending upon the gain factors that associate finger movement distance 
along the X and Y touch sensitive pad axes (dx, dy) with cursor movement along the 
X and Y display axes (dx^^ d ycuRS0R ), it is possible for a user to encounter a 
touch sensitive pad boundary before the cursor is relocated to the desired screen 
position. When this occurs, the user must lift his or her finger off of the touch 
sensitive pad 26, reposition his or her finger on the interior of the touch sensitive 
pad 26, and continue dragging his or her finger across the touch sensitive pad 26 in 
the necessary direction until the cursor reaches the desired position. 

When a high gain is used during the foregoing activity, less finger movement 
distance is required to achieve a specific cursor movement distance than would be the 
case with a lower gain. Thus, higher gain makes it less likely that a user will 
encounter a touch sensitive pad boundary before the desired cursor position is 
reached. Because rate-dependent gains are a function of the rate of finger movement, 
a user has some control over his or her ability to avoid encountering a touch sensitive 
pad boundary. 

As noted above, preferably the value of B y is greater than B x . Specifically B 
is equal to 0.23, while B x is equal to 0.16. This results in a greater y GAIN than m 
xqato for an equal rate of finger movement in the Y direction as in the X direction. 
The reason for the foregoing is that for most users, it is easier to move their finger 
laterally, in the X direction, rather than longitudinally in the Y direction. Thus, the 
greater y GAIN enables most users to approximately be able to equally command 
vertical cursor movement, as lateral cursor movement with the touch-pad 
controller 24. 

If a user simply wishes to reposition the cursor in a corner of the computer 
display screen, the user can lift his or her finger off of the touch sensitive pad 26 and 
place it in the corner of the touch sensitive pad 26 associated with the corner of the 
computer display. For example, as previously described in FIGURE 7, if the user 
places his or her finger in the upper right comer of touch-pad controller 24 at location 
P identified by reference 64a, the cursor will be repositioned in the upper right-hand 
corner at location P identified as reference numeral 64b in computer display 
screen 66. Thus, using the touch-pad controller 24 in absolute mode enables the user 
to quickly position the cursor at a desired location of a number of predetermined 
locations. 
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FIGURE 9 is an automatic cursor positioning logic diagram suitable for use in 
the interface electronics program illustrated in FIGURE 6. As noted above, one 
application of the automatic cursor positioning logic could be to allow the thumb 
switch 30 to be used to reposition the cursor item-by-item adjacent the items on an 
5 electronic checklist. This feature is advantageous to airplane pilots, since airplane 
pilots frequently go through checklists, such as preflight checklists. 

The logic shown in FIGURE 9 begins by checking the state of the thumb 
switch to determine if the thumb switch 30 of the touch-pad controller 24 has been 
pressed. See decision block 130. If the thumb switch 30 has not been pressed, the 
10 program exits the logic shown in FIGURE 9. 

If the thumb switch 30 has been pressed, the logic proceeds to decision 
block 132 whereat a test is made to determine if the cursor is within an active area of 
the display on the computer-controlled display interface to the touch-pad 
controller 24. If the cursor is not within an active area of the display, the program 
15 once again exits the logic shown in FIGURE 9. Otherwise, at block 133, the 
command associated with that active area is executed. For example, if the display is 
an electronic checklist, the active area is a check off area adjacent to the current item 
in the list and the command is to create a check (/) in the active area. Thereafter, at 
decision block 134, a test is made to determine whether there is a location to which 
20 the cursor should automatically be repositioned. For example, if an electronic 
checklist were being displayed, the cursor should be automatically repositioned to the 
active area adjacent to the next item on the list. If not, the program exits the logic 
shown in FIGURE 9. If so, the cursor is repositioned to the foregoing location. See 
block 136. Thereafter the program exits the logic shown in FIGURE 9. 
25 As described next and shown in FIGURES 10 and 11, cursor controlled 

devices formed in accordance with this invention can be used to control cursors on 
multiple displays. Or, multiple cursor control devices can be used to control the 
cursor of the same display. This feature makes the cursor control device ideally suited 
for use in the cockpit of an airplane by the pilot and co-pilot if one or more displays is 
30 being shared. More specifically, FIGURE 10 illustrates a first touch-pad 
controller 24a coupled to three computer-controlled displays 90, 92, and 93. For ease 
of illustration, neither the interface electronics associated with the touch-pad 
controller or the details of the electronics associated with the computer-controlled 
displays are illustrated. 

When a user depresses one of the select switches 36, the touch-pad 
controller 24a is interfaced to one of the computer-controlled displays 90. Similarly, 
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when the other select switches 34 or 32 are depressed, the touch-pad controller 24a is 
interfaced to one of the other computer-controlled displays 92 or 93, respectively. 
Only one interface occurs at a time. Thus, when the touch-pad controller 24a is 
interfaced with one computer-controlled display, the user's actions only control the 
5 cursor of that display, not the cursor of the other displays. 

FIGURE 10 also includes a second touch-pad controller 24b coupled to three 
computer-controlled displays 93, 94, and 95. Again, for ease of the illustration, the 
electronics associated with the touch-pad controller and the displays are not shown. 
When one of the select switches 36, 34, or 32 on the second touch-pad controller 24b 
10 is depressed, the touch-pad controller 24b is interfaced with an associated one of the 
computer-controlled displays 95, 94, or 93, respectively. As shown, one of the 
computer-controlled displays 93 can be interfaced with either the first or the second 
touch-pad controller 24a or 24b. In an aircraft, one of the touch-pad controllers 24a 
would be positioned for use by the pilot and the other positioned for use by the 
co-pilot. Thus, both the pilot and the co-pilot could use a touch-pad controller to 
control the position of the cursor of the common computer-controlled display 93. 

While both touch-pad controllers 24a and 24b may be used to control the 
cursor of the common computer-controlled display 93 shown in FIGURE 10 the 
touch-pad controllers 24a and 24b cannot be used to simultaneously control the 
location of the cursor on computer display 93. Alternatively stated, the pilot may 
select touch-pad controller 24a to control computer display 93 by depressing select 
switch 32 on touch-pad controller 24a, or the co-pilot may select touch-pad 
controller 24b to control the cursor location on computer display 93 by depressing 
select switch 32 on touch-pad controller 24b, but touch-pad controllers 24a and 24b 
may not simultaneously control cursor location on the common computer-controlled 
display 93. Preferably, different cursor symbols are displayed when the pilot is 
controlling the location of the cursor on the common computer-controlled display 93, 
and when the co-pUot is controlling the cursor location. As described below, the 
interface logic removes the pilot's cursor from the common display when the co-pilot's 
30 controller 24b is interfaced with the common display, and vice versa. 

Display selection logic suitable for use in the interface electronic program 
(FIGURE 6) for interfacing either one of the touch-pad controllers 24a and 24b with 
a plurality of computer-controlled displays such that the select switches 32, 34, 
and 36 of a touch-pad controller 24a or 24b can be used to select a computer- 
controlled display for controlling the cursor location thereon in the manner previously 
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described is shown in FIGURE 11. The logic also shows how two touch-pad 
controllers are interfaced with a common computer-controlled display. 

First, the display select switches 32, 34, and 36 are scanned (block 98) to 
determine their state. Next, at decision block 100, a test is made to determine if one 
of the switches 32, 34, and 36 on the associated touch-pad controller 24a or 24b has 
been depressed since the last pass through this subroutine. In this regard, it should be 
noted that the select switches are interrelated in that only one switch can be depressed 
(engaged) at a time. When one switch is depressed, any previously depressed switch 
is disengaged. 

If none of the switches 32, 34, and 36 has been depressed, the program exits 
the logic shown in FIGURE 11. If a switch 32, 34, or 36 has been depressed at 
decsion block 104 a test is made to determine if the associated touch-pad 
controller 24a or 24b was previously interfaced to a different display. If the answer is 
yes, then the cursor is removed from the previous display (block 106). After 
block 106, or if the answer was negative, the logic proceeds to decision block 108 
At decsion block 108, a test is made to determine if the selected display has a cursor 
function. If the display does not have a cursor function, the program exits the logic 
shown in FIGURE 11. Otherwise, the program proceeds to decision block 110 
where a test is made to determine if the display selected is the common computer- 
20 controlled display 93 (FIGURE 10). 

If the inquiry at decision block 110 in FIGURE 11 is negative, that is, if the 
display selected is not the common computer-controlled display 93, the cursor is 
displayed on the selected display in the "home" position (block 112). That is the 
cursor is displayed at a default location on the selected display. Thereafter' the 
25 program exits the logic shown in FIGURE 1 1. 

If the selected display is the common computer-controlled display 93 in 
FIGURE 10, at decision block 114, a test is made to determine if the other pilot's 
cursor is currently displayed on the common computer-controlled display 93. In other 
words, at decision block 114 a determination about whether the other touch-pad 
controller 24 is currently being used to control cursor location on the common 
computer-controlled display 93 is made. If that determination is negative, the cursor 
associated with the controlling touch-pad controller 24a or 24b is displayed on the 
common computer-controlled display 93, at the home position. See block 1 16. Then 
the program exits the logic shown in FIGURE 1 1. 

If the cursor associated with the other pilot's touch-pad controller is being 
displayed on the common display, the other cursor is removed from the display 93. 
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See block 118. Next, the program proceeds to block 116 and the cursor associated 
with the controlling touch-pad controller is displayed on the common computer- 
ised display 93 in the home position. Then the program exits the logic shown in 
FIGURE 11. 

with which computer-controlled display a touch-pad controller 24 is going to be 
interfaced. The third device 120, shown in FIGURE 10, includes three display select 
switches 122, 124, and 126. If a user depresses the first display select switch 122 
and then a function switch to execute a program that requires a cursor, such as 
10 switch 127 (which in a preferred embodiment of the present invention is associated 
with an electronic checklist program), one of the touch-pad controllers 24a is 
interfaced to a first computer-controlled display 92. Alternatively, if a second display 
select switch 124 is depressed, and then a function switch to execute a cursor- 
requiring program, the other touch-pad controller 24b is interfaced to a second 
15 computer-controlled di S play94. Finally, if the third display select switch 126 is 
depressed, and then a function switch to execute a cursor-requiring program, then 
either touch-pad controller 24a or touch-pad controller 24b is interfaced to the 
common computer-controlled display 93, as explained below. 

The third device monitoring logic suitable for use in the interface electronics 

Z S *2 fo 0 " ^ HGURE 6 f ° r C3nyin8 ° Ut *• f0re * 0in S &nctions * '"own in 
FIGURE 12. The first step of the logic is to scan the display select 

switches 122, 124, and 126 of the third device 120 (FIGURE 10) to determine if one 

of the switches has been depressed. Next, at decision block 138, a test is made to 

determine if a program has been selected that requires a cursor function. That is a 

determination is made as to whether a function switch has been depressed to execute 

a program requiring a cursor. If a cursor is not required by the program associated 

with the depressed function switch, the program represented in FIGURE 12 exits the 

logic shown. If a cursor is not required by the program associated with the depressed 

function switch, there is no cursor for the touch-pad controller 24a or 24b to control 

on the selected display. Otherwise, the logic proceeds to decision block 142 

At decision block 142, a test is made to determine if the display selected is the 

common computer-controlled display 93 in FIGURE 10. If the determination is 

affirmative, the logic proceeds to decision block 144, where a test is made to 

determine if the most recent access of the common computer-controlled display 93 

was by the co-pilot. If the determination is negative, the pilot's cursor is placed on the 

common computer-controlled display 93 in the home position. See block 146 
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Referring to FIGURE 10, since the pilot sits in the left seat of an airplane, when this 
path is followed, touch-pad controller 24a is interfaced to the common computer- 
controlled display 93 in FIGURE 10. After block 146 has been executed, the 
program exits the logic shown in FIGURE 12. 

In summary, the logic shown in FIGURE 12 and thus far described 
automatically determines which touch-pad controller 24a or 24b will control cursor 
location on the common computer-controlled display 93 based on which touch-pad 
controller 24a or 24b was last interfaced to the common computer-controlled display. 

Returning to decision block 144, if the determination is in the affirmative, the 
co-pilot's cursor is displayed on the common computer-controlled display 93 in the 
home position. Since the co-pilot of a plane sits on the right, when this path is 
followed touch-pad controller 24b is interfaced with the common computer-controlled 
display 93. After block 148, the program exits the logic shown in FIGURE 12. 

Returning to decision block 142, if the display selected is not the common 
computer-controlled display 93, the logic proceeds to decision block 150. At decision 
block 150 a test is made to determine if the left inboard computer-controlled 
display 92 of the airplane (viewed looking forward along the longitudinal axis of the 
aircraft) was selected as a result of the first display select switch 122 of the third 
device 120 (FIGURE 10) having been depressed. If this determination is negative, 
which means that the second display select switch 124 was depressed, the co-pilot's 
cursor is placed on the right inboard computer-controlled display 94 in the home 
position. See block 152. Since, as noted above, the co-pilot normally uses the right 
touch-pad controller, when this path is followed, touch-pad controller 24b is 
interfaced with the right inboard computer-controlled display 94 (FIGURE 10). 

If, on the other hand, the left inboard computer-controlled display 92 was 
selected as a result of the first display select switch 122 having been depressed, 
block 154 is executed. At block 154 the pilot's cursor is placed on the left inboard 
display 92 in the home position. Since the pilot uses the left touch-pad controller, 
when this path is followed, touch-pad controller 24a is interfaced to the left inboard 
computer-controlled display 92 (FIGURE 10). After block 152 or 154, the program 
exits the logic shown in FIGURE 12. 

As shown in FIGURE 6, the logic represented in FIGURES 8, 9, 1 1, and 12 is 
repeatedly executed, so long as a cursor control device 20 is being used to control the 
location of a cursor on a computer-controlled display. As will be readily apparent to 
those skilled in the art, as noted above, one or more of the logic subroutines shown in 
FIGURES 9, 11, and 12 may be deleted from FIGURE 6 if the features associated 
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with the log,c are not necessary or desired in an actual embodiment of the invention 

fr^t' mteraCti ° n m deCtr0nic Checklist is unnec ^-y or undesired 
the FIGURE 9 logic will be deleted. Or, if a cursor contro, device! is only being 
used with one computer-controlled display, the FIGURE 11 and 12 logic will be 
deleted. In this case, there is no need to select a display since only one display exists 

Positioning and moving logic (FIGURE 8) will always be included, since this 
logic wiU always be necessary to interface a touch-pad controller to a computer- 
controlled display to use a cursor control device 20 to control cursor location While 

10 o7 US t,me n T ^ USCd ' PreferaWy * P ° Siti0ning ^ **> is —ted 

descnbT SeC ° ndS ' Wh6reby ^ " CqUal t0 0 025 SeC ° ndS ' P reviou ^ 

While a preferred embodiment of the invention has been illustrated and 
described, it will be appreciated that within the scope of the appended claims various 
changes can be made therein without departing from the spirit and scope of the 

15 invention as defined by the appended claims. 
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The embodiments of the invention in which an exclusive property or privilege 
is claimed are defined as follows: 

1. A cursor control device for use with a computer-controlled display, 
comprising: 

(a) a touch-pad controller, including: 

(1) a housing having: (i) a base, (ii) a surface having an 
upper portion and a lower portion, said lower portion joining the base near a first end 
of said base, said surface sloping upwardly from said base at an angle greater 
than 10°, and (iii) a pair of side walls extending from said base to said sloped surface; 

(2) a touch sensitive pad, disposed in said sloped surface, 
for sensing the location of an object, such as a finger, pressing against said touch 
sensitive pad; and 

(3) a switch mounted in one side wall of said housing; and 

(b) interface electronics, coupled to said touch sensitive pad and to 
said switch of said touch-pad controller for: 

(1) determining the location of an object pressing against 
said touch sensitive pad; 

(2) deterniining the status of said switch, and 

(3) producing cursor control signals suitable for controlling 
the position of a cursor on a computer-controlled display based on said 
determinations that define the location of said object pressing against said touch 
sensitive pad and track the movement of said object across said touch sensitive pad. 

2. The cursor control device claimed in Claim 1, wherein said angle 
between said surface and said base is greater than 20°. 

3. The cursor control device claimed in Claim 1, further comprising a 
palm support located at the upper portion of said sloped surface adjacent to an end of 
said touch sensitive pad, having a central axis lying at an angle relative to said sloped 
surface, for supporting a user's palm when operating said cursor control device. 

4. The cursor control device claimed in Claim 3, wherein said angle 
between said central axis of said palm support and said sloped surface is at least 10°. 
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5. The cursor control device claimed in Claim 3, wherein said palm rest is 
hingedly mounted to said housing, so that said angle between said central axis of said 
palm support and said sloped surface is variable. 

6. The cursor control device claimed in Claim 1, wherein: 

(a) said touch pad controller also includes display select switch 
means mounted in said housing adjacent the end of said touch sensitive pad remote 
from the end adjacent to said palm support; 

(b) said display select switch means is coupled to said interface 
electronics; and 

(c) said interface electronics determines the status of said display 
select switch means. 

7. The cursor control device claimed in Claim 6, wherein said touch pad 
controller also includes indicating means, associated with said display select switch 
means, for visually indicating the status of said display select switch means. 

8. The cursor control device claimed in Claim 6, further comprising a 
second touch-pad controller, said touch-pad controllers being selectively couplable to 
a common computer-controlled display. 

9. The cursor control device claimed in Claim 8, wherein said interface 
electronics selectively couples said touch-pad controllers to said common computer- 
controlled display by: 

(a) scanning said display select means of each of said touch-pad 
controllers for a change in status; and 

(b) determining whether a previously displayed cursor on said 
common computer-controlled display was associated with the other of said touch-pad 
controller and if so: 

(1) causing said cursor control signals to remove said 
previously displayed cursor; and 

(2) then, causing said cursor control signals to display a 
cursor, associated with said scanned touch-pad controller, at a predefined location on 
said common computer-controlled display. 

10. The cursor control device claimed in Claim 1, wherein said switch 
mounted in the sidewall of said housing has a textured surface to provide tactile 
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feedback to a user that a digit, such as the thumb, of the user-s hand, is in contact with 
said switch. 

11. The cursor control device claimed in Claim 1, wherein said interface 
electronics determines the rate of movement of an object, such as a finger, across said 
touch sensitive pad, and the location of the object, and uses said rate of movement 
and location information to produce said cursor control signals by: 

(a) scanning said touch sensitive pad to determine the location of 
the object at a first time and at a second time; 

(b) comparing the object location at said first time with the object 
location at said second time to obtain a measurement of change in the location of the 
object; 

(c) determining an approximate rate of change in the location of 
the object by dividing said measurement of change in the location of the object by a 
delta time determined by subtracting said first time from said second time; 

(d) determining a gain from a function that is dependent upon said 
approximate rate of change of the location of the object; and 

(e) multiplying said measurement of the change of location of the 
object by said gain to produce said cursor control output signals. 

12. The cursor control device claimed in Claim 1 1 , wherein a constant gain 
is determined if the absolute value of said measurement of change in the location of 
the object over a predetermined period of time is less than a predefined value. 

13. The cursor control device claimed in Claim 1 1, further wherein: 

(a) said step of comparing the object location comprises the 

subsets of: 

(1) determining a measurement of change in the location of 
the object along a first axis of a Cartesian coordinate system by comparing the object 
location at said first time along said first axis with the object location at said second 
time along said first axis; and 

(2) determining a measurement of change in the location of 
the object along the second axis of said Cartesian coordinate system by comparing the 
object location at said second time along said second axis with the object location at 
said second time along said second axis; 

(b) said step of determining an approximate rate of change 
comprises the substeps of: 
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(1) determining an approximate rate of change along said 
first axis of said Cartesian coordinate system by dividing said measurement of change 
in the location of the object along said first axis by said delta time; and 

(2) determining an approximate rate of change along said 
second axis of said Cartesian coordinate system by dividing said measurement of 
change in the location of the object along said second axis by said delta time; 

(c) said step of determining a gain from a function comprises the 

substeps of: 

(1) determining a first gain from a first function that is 
dependent upon an absolute value of approximate said rate of change of the location 
of the object along said first axis of said Cartesian coordinate system; and 

(2) determining a second gain from a second function 
dependent upon an absolute value of approximate said rate of change of the location 
of the object along said second axis of said Cartesian coordinate system; and 

(d) multiplying said measurement of change of location of said 
object along said first axis of said Cartesian coordinate system by said first gain, and 
multiplying said measurement of change of location of said object along said second 
axis of said Cartesian by said second gain to produce said cursor control signals. 

14. The cursor control device claimed in Claim 13, wherein a constant first 
gam ,s determined if the absolute value of said measurement of change in the location 
of the object along said first axis of said Cartesian coordinate system over a 
predetermined period of time is less than a predefined value. 

15. The cursor control device claimed in Claim 13, wherein a constant 
second gain is determined if said absolute value of said measurement of change in the 
location of the object along said second axis of said Cartesian coordinate system over 
a predetermined period of time is less than a predefined value. 

16. The cursor control device claimed in Claim 1, wherein said interface 
electronics repositions a cursor in a computer-controlled display by: 

(a) scanning said touch-pad controller to determine if said switch 
has been pressed; 

(b) determining whether said cursor is currently displayed within a 
first predefined area if said switch has been pressed; 

(c) determining whether a second predefined area is associated 
with said first predefined area; and 
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(d) causing said cursor control signals to display said cursor within 
said second predefined area, if said second predefined area is associated with said first 
predefined area. 

17. The cursor control device claimed in Claim 1, wherein said interface 
electronics controls the location of a cursor upon said computer-controlled display in 
an absolute mode or in a relative mode, by: 

(a) sequentially scanning said touch sensitive pad to determine: 

(1) if the object is in contact with said touch sensitive pad; 

and 

(2) the location of the object if the object was in contact 
with said touch sensitive pad; 

(b) causing said cursor control signals to reposition a cursor to a 
predefined location upon said computer-controlled display if said object is located 
within a predefined area upon said touch sensitive pad during one of said sequential 
scans and was not in contact with any area of said touch sensitive pad during the 
immediately preceding sequential scan; and 

(c) causing said cursor control signals to reposition said cursor 
upon said computer-controlled display a distance and direction that is proportional to 
the distance and direction of a change in the location of said object upon said touch 
sensitive pad that occurs between sequential scans during which said object is in 
contact with said touch-sensitive surface. 

18. The cursor control device claimed in Claim 17, further wherein said 
step of causing said cursor control signals to reposition said cursor upon said 
computer-controlled display a distance and direction that is proportional to the 
distance and direction of a change in the location of said object comprises the 
substeps of: 

(a) comparing the object location determined during a scan, with 
the object location determined during the immediately preceding scan to obtain a 
measurement of the change in the location of the object; 

(b) determining an approximate rate of change in the location of 
the object by dividing said measurement of change in the location of the object by the 
time between said sequential scans; 

(c) determining a gain from a function that is dependent upon an 
absolute value of approximate said rate of change of the location of the object; and 
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(d) multiplying said measurement of the change of the location of 
the object by said gain to produce said cursor control signals. 

19. The cursor control device claimed in Claim 1, wherein said touch-pad 
controller is selectively couplable to an individual computer-controlled display of a 
plurality of related computer-controlled displays. 

20. The cursor control device claimed in Claim 1, further comprising: 

(a) a second touch-pad controller; and 

(b) a third device having display select means, said interface 
electronics selectively coupling said touch-pad controllers and said third device to said 
computer-controlled display. 
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